objective To understand factors that influence sustained adoption of water, sanitation and hygiene (WASH) technologies or behaviours.
Introduction
The sixth Sustainable Development Goal adopted by the World Health Organization (WHO) in 2015 lists two targets to improve access to water, sanitation and hygiene (WASH) globally: achieve universal access to safe and affordable drinking water, and achieve universal access to adequate sanitation [1] . WASH interventions typically promote both a technology (hardware) and regular correct use of the technology (key behaviours). To realise the long-term health benefits of WASH interventions, individuals and implementers need to ensure that technology continues to function, and that individuals consistently practice key behaviours. However, as several recent trials have shown, access to improved WASH technologies does not always translate to continued use [2, 3] .
We conducted a systematic review of peer-reviewed and grey literature from 1990 to 2013. The purposes of this review were to synthesise the current literature of factors that influence the sustained adoption of either a WASH technology or WASH behaviour practice at the household-level.
Defining 'sustained adoption' of technologies and behaviours
The sustained adoption of behavioural practices is multidimensional, inclusive of individual behaviour and external support or cues to enable the behaviour. For the purposes of this review, we were interested in behavioural factors and intervention characteristics that fostered sustained adoption of WASH behaviours. 'Sustained adoption' can mean many things in many different contexts: Shediac-Rizkallah and Bone describe three different definitions, including ' [being] able to deliver an appropriate level of benefits for an extended period of time after major financial, managerial and
• The period of active behaviour change intervention and/or evaluation in research studies.
During the active implementation period, a new technology or behaviour may be introduced to communities or individuals, and enthusiasm may be high. Targeted messages to encourage behaviour change and distribution of technologies (often for free) are common. These conditions may result in high rates of initial adoption. As the project period continues, communities or individuals continue to receive support and/or periodic monitoring conducted to assess level of behaviour practice or technology use and inform programme operations. This stands in contrast to the 'post-project period', when logistical and/ or financial support has ceased. Communities or individuals are responsible for resupplying and repairing technologies as needed, and practice behaviours independently. For our purposes, 'sustained adoption' refers to use of a technology or practice of a specific behaviour at any point six or more months after the end of the project period.
Methods
This paper presents findings from a larger systematic review; complete methodology is described in the full technical report [5] . In brief, we drew on Arksey and O'Malley's description of 'scoping studies' to inform screening of unique articles from peer-reviewed and grey literature databases to identify relevant articles for a preliminary literature 'mapping' [6] . During mapping, articles were coded using a nine-part form to capture descriptive information about the study population, methodology, intervention, behaviour change strategies, implementation or evaluation and factors affecting sustained use in each article. We assessed the quality of studies by adapting a seven-point scale system developed by Harden and Thomas [7] .
From the pool of mapped studies, we reanalysed the articles and restricted the pool to those that had the potential to answer our primary research question: What factors affect the sustained use of WASH technologies? Manuscripts that had an explicit focus on evaluating or measuring sustained adoption of WASH behaviours and technologies, described factors influencing sustained adoption, and measured adoption at least 6 months into the post-project period were included. Conference proceedings, abstracts or workshop notes were excluded. Studies were also excluded based on population and/or study scope type, studies conducted outside LMICs, publication date before 1990, or publication in a language other than English, Spanish, French or Portuguese. For larger and/or multicountry studies, we prioritized country-specific and endline or post-project reports where available.
From all included studies, we extracted information about: (i) factors that influence the sustained adoption of handwashing, clean water and sanitation technologies; and (ii) characteristics of interventions intended to improve initial adoption of handwashing, clean water and sanitation technologies and the effectiveness of these interventions in fostering both initial and sustained adoption. All disagreements were resolved in discussion amongst the research team.
As the review proceeded, we realised that it would prove impossible to definitively address our primary research question, 'What factors affect the sustained use of WASH technologies?', due to inconsistencies in the definition of sustained use, or lack of a definition altogether, as well as lack of agreed-upon measures of sustained use. We therefore adopted a new primary research question 'How is sustained use defined and measured in the literature?' with the view to making recommendations for the methodology for future studies of sustained use and factors affecting it.
Results
Our search identified 49 472 articles (after removing duplicates). Title and abstract screening further reduced this to 225. Of these, a total of 148 met inclusion criteria for mapping (Figure 1 ).
Part 1: Mapping
Of the 148 included articles, 138 described promotion of a WASH technology or behaviour change strategy, while 10 assessed attitudes or factors influencing sustained adoption but were not associated with an intervention or active promotion (i.e. reported factors associated with latrine ownership and use without promoting latrines in a behavioural intervention). Table 1 describes characteristics of the 138 articles that described promotion of a WASH technology or behaviour change strategy. Studies were well distributed among handwashing (n = 55), household water treatment (n = 62) and sanitation (n = 58). Thirty-one studies addressed more than one of these categories. The literature reflected a diverse range of technologies and behaviour strategies. The majority of studies promoted bar soap, filtration devices or community training in latrine construction. Community health workers and mass media or social marketing campaigns were common mechanisms to promote behaviour change across the three WASH categories.
Part 2: In-depth synthesis
Of the 148 articles mapped, 44 articles were selected for in-depth synthesis. These included 'initial adoption' articles (n = 23) reporting on WASH practice during the project period and 'sustained adoption' articles (n = 21) assessing WASH practice over a period of 6 months or more after the project period ended [3, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Members of the research team extracted detailed information on behavioural factors that shape individual-level behaviours and were classified in three main categories according to the Integrated Behavioural Model for Water Sanitation and Hygiene (IBM-WASH): psychosocial, contextual and technological [28] . Results presented here are drawn from the 21 articles that report on the 'sustained adoption'.
Part 2a: Defining sustained adoption
The 21 studies that measured adoption at least 6 months after the end of the project period assessed a wide range of interventions, including latrine construction, distribution of soap for handwashing or promotion of water treatment technologies. Some studies provided details of how they defined sustained adoption, often referred to as 'sustainability', including the frequency of practice or length of time from end of project period to the time of measurement. For example, Cairncross et al. used the questions 'When you are around the house, do you always use a good latrine?' and 'Do you always wash both hands with soap?' to assess handwashing behaviours in project areas [12] . Tamas et al. state their objective is to '[compare] two interpersonal promotional strategies. . .with each other and a control group' [25] . The authors used a longitudinal study design and measured at four time points to compare use both during and postproject period. Wood et al. cite the most comprehensive definition, drawing a distinction between initial adoption and sustained adoption (continued behaviour practice), but the study was designed to understand factors motivating initial adoption and sustained adoption (purchase of WaterGuard), rather than actual levels of sustained adoption over time, and was not considered in the 21 articles [29] . Most studies provided limited information about how they defined or measured sustained adoption.
Part 2b: Measuring sustained adoption Table 2 describes the study designs and outcomes measured by 20 of the 21 studies that reported on sustained adoption (behaviours at least 6 months after the end of the project period); Tables 3-5 present an expanded description of measurement methodology and findings from each of the 21 studies. One study reported on outcomes but did not sufficiently describe the measurement methodology to be included in Table 2 [21] . Water treatment studies were the most frequently represented of the three technologies and behaviours of interest, and five studies assessed more than one type of WASH intervention [9, 12, 16, 20, 24] . Outcomes were measured using three study designs. Most used cross-sectional surveys to evaluate technology use or behaviour practice at one point in time. Several longitudinal studies were identified allowing for comparisons of the same group across time [10, 11, 15, [18] [19] [20] [24] [25] [26] . Only one study utilised a randomized controlled trial (RCT) study design [22] .
Outcome measures were primarily self-reported behaviour to determine level of sustained adoption, usually through survey complemented with spot checks and/or rapid assessments to assess the presence and function of a WASH technology, such as free chlorine concentration in water or the presence of a latrine. Across all behaviours of interest, seven studies relied solely on self-report to determine a participant's level of sustained adoption [3, 11, 17, 19, 23, 25, 26] . Handwashing studies utilised the most diverse range of measurements, including self-report via survey or pocket voting, demonstration of behaviour technique or spot checks for the presence of technology. Two of seven employed all three measurements [9, 10] , while five relied on both self-report and demonstration to assess handwashing practice [12, 16, 20, 24, 27] . Water treatment and sanitation studies relied more heavily on self-report to determine behaviour practice or technology presence. Three water treatment studies utilised spot checks to check levels of free chlorine residual [15, 20, 22] , while four measured levels of microbial *Note that studies can promote or assess more than one type of WASH intervention, for example promoting both handwashing and water treatment. These are described in the bullet points in each box.
contamination [8, 9, 13, 22] . One study performed quick observations to determine how many SODIS (solar disinfection) bottles they could find on a roof at the time of survey [18] . Most sanitation studies measured reported latrine use and ownership. Three sanitation studies utilised spot checks exclusively to determine the presence of a latrine [14, 16, 24] ; functionality was assessed in only one study [24] . No studies included a long-term observation component that would be able to assess actual behaviour practice outside of the time at which a survey was administered.
Length of follow-up time ranged from 6 months to 9 years after the end of the project period. Three studies measured adoption levels at more than one point during the post-project period [10, 20, 24] . Only five of the 21 studies provided measurements of adoption immediately after active implementation along with adoption 6 months or more into the post-project period [9, 15, 20, 25, 26] , allowing for a better assessments of sustained adoption or relapse.
Discussion
There is a substantial evidence that water, sanitation and hygiene interventions can reduce diarrhoeal disease, microbiological contamination or soil-transmitted helminth infection [30] [31] [32] [33] [34] . Our systematic review illustrates the diversity of interventions used to promote and evaluate WASH technologies and their associated behaviours with an emphasis on sustained adoption. To see appreciable outcomes over time, behaviour change resulting in long-term correct and consistent performance of WASH behaviours is needed. In examining theories of behaviour change, Rothman argues that factors that affect initial adoption are distinct from factors that lead to sustained adoption [35] . Few studies, however, actually measure sustained adoption as we have defined it, and the distinctions between initial and sustained adoption (immediately after active promotion, distribution, or follow-up vs. at least 6 months into the post-project period) was inconsistent between studies. Also, the 21 studies provided few details on how they defined sustained adoption, making it difficult for the authors to identify a common definition of sustained adoption. Ideally, a definition of sustained adoption would present three components: (i) the behaviour, (ii) the frequency of the behaviour practice and (iii) the length of time at which this behaviour should be measured to be considered sustained, for example 'Handwashing with soap at five key times at least 6 months after the project period has ended'. Without these details, it is difficult to evaluate whether an intervention has successfully resulted in sustained adoption of a technology • Presence of HWS with soap and water: 53% (control); 79% (handwashing); 64% (handwashing station + water treatment)
After 5 years:
• Intervention households 14 times more likely to rub both hands at least three times;
• HWS with soap and water: 26% (control); 99% (handwashing); 96% (handwashing station water treatment) *This study conducted two separate follow-up assessments: the first in three villages, and the second a year later in ten villages. We considered this a longitudinal panel survey, rather than two separate cross-sectional surveys, as one village contributed to the results of both assessments. †The results presented here are an aggregation of data from two related publications: Luby et al. (1) Crosssectional survey SODIS practice declined in all groups 6 months. after all intervention activities ceased Mean difference 1.3% between observed and actual use -self-report is fairly accurate.
Behaviour declined over time, after promotion ended
Wheeler and Agha (2013) [26] Longitudinal panel survey
Water treatment 1 time 6 years 27% reporting any treatment of water 14% using any chlorine product; 11% using Certeza 38% reporting any treatment of water 25% using any chlorine product; 22% using Certeza 48% report chlorination is easy • 93-98% report always using a good latrine (pocket vote)
• 52-81% have functioning latrines
At second follow-up*:
• 92% report latrine use • 51% had functioning latrines • 72% report at least one member uses a latrine • 47% reported use 'all of the time'
• 38-95% (mean 72%) report the presence of a latrine or behaviour across diverse programme and intervention contexts. This lack of consensus on a definition of 'sustainability' or related constructs is also present in the literature around sustainability of chronic disease prevention and other prevention or health service programmes [36] . Our definition of sustained adoption makes a distinction between the project and post-project period. We chose this because the factors that influence behaviour practice or technology use may be different during the project period and the post-project period, and may require different operational, financial or behavioural inputs. Within the WASH literature, most articles focus on initial adoption of WASH behaviours; we identified only two articles presenting frameworks that address sustained adoption [29, 37] . Clearer definitions of sustained adoption may allow for standardised comparisons in WASH behaviour and technology adoption across studies and therefore more rigorous evaluations, and better targeting of limited project resources.
Inadequate measurement of behavioural outcomes and factors affecting behaviour were common. Our findings show there is a heavy reliance on self-report of technology use, a biased indicator of actual behavioural practice [38] . Several studies attempted to confirm behaviours by adding spot checks or demonstration components, but we did not find any study that included a long-term direct observation component. While reactivity is a concern during observations, it does provide an additional measurement option for assessing sustained adoption [39] [40] [41] [42] .
Only three identified studies reported on behaviours at multiple time points, and few provided enough information to independently assess changes in adoption between active intervention period and the post-project period. Comparison of multiple measurements is fundamental to understanding the transition from initial to sustained adoption. Our definition of sustained adoption is similar to the 'maintenance' period in Prochaska's Transtheoretical Model of Behaviour Change [43] . The maintenance period corresponds with our definition of 'post-project period', and differs from the 'action' stage in which individuals are actively making changes to their environment and lifestyle to enable the behaviour, which corresponds more closely to an intervention or project period. In a systematic review of health behaviour theories, Kwasnicka et al. identified five themes that influence behaviour maintenance: (i) motivations for behavioural maintenance, including enjoyment or satisfaction, self-determination and identity; (ii) individual self-regulation; (iii) habit formation and the presence of habit-enabling environments; (iv) psychological and community-level resources; and (v) the built environment and social context that surround an individual [44] . Wood et al. compared sustained users of a chlorine water treatment product to those who stopped using it after a designated trial period in which the product was provided at no cost to the participants. While both groups cited the health benefits of treating water as a motivator to use, the continued use group stated that support from family members and community was a motivating factor for use after visits from health promoters ceased [29] . Users who stopped cited the product cost as a barrier to use, as the product was no longer provided for free once the trial period ended. This study illustrates how different constellations of factors may influence adoption of a technology or behaviour during active implementation compared to the post-project period. If measurements are only made at one point in time, for example during the project period or earlier than six months after a project has ended, they may not fully capture continuation of behaviours or rates of relapse and will provide minimal insights into the factors that influence sustained adoption. In practice, comparing multiple measurements to assess sustained adoption can be applied (i) between two or more time points after the end of the project period, or (ii) at the end of the project period and one time point thereafter. Making comparisons of behavioural practices over time is essential to building the evidence base for the longterm sustainability of WASH behaviours after the end of the project period.
Our research questions originally intended to assess the factors that promote sustained adoption. However, the limited pool of studies and methodological heterogeneity limited our ability to draw conclusions about these factors. For WASH behaviours, there is no standardised outcome or reporting formats. Even greater heterogeneity was noted in reporting on psychological, technological or contextual factors that influence these outcomes. We only identified 21 articles that reported on adoption of WASH technologies months or years after project implementation. As discussed, factors that will influence early adoption or adoption during active project implementation can be very different in the post-project period. Moreand more standardised -information on behaviours and determinants of behaviours are needed.
Conclusion
This review highlights the need for more systematic definitions of sustained adoption and methodology to rigorously evaluate water and sanitation interventions. An ideal evaluation should clearly specify the project period and describe the context surrounding adoption, make measurements at multiple time points, diversify measurement methods and describe and measure a range of factors affecting sustained adoption. Additional consideration needs to be given to develop behaviour change models that emphasise factors related to sustained adoption, and how they differ from those related to initial adoption.
